Introduction
Health information systems (HIS) were, are currently, and, as far as we can see, will also be in future one of the most important areas for biomedical and health informatics. There is a global consensus about their relevance for health care, which, e. g., led in 2005 to the World Health Assembly's eHealth Resolution [1, 2, 3] and to the implementation of the World Health Organization's Global Observatory for eHealth [4, 5] . Its importance has been emphasized in many publications of our scientific community (e. g. [6, 7, 8, 9, 10] ).
In order to professionally deal with HIS, we need to understand their respective architectures and infrastructures (e. g. the architecture of the information system of a certain hospital, e. g. [11] , or of a nation's 'eHealth infrastructure' , e. g. [12] ), and we need to know how such information systems are adequately managed. In particular, its strategic information management is crucial, both for the quality of care and for the costs of information processing and storage (e. g. [13] ).
For being able to do this, well-educated informaticians are needed. The International Medical Informatics Associations (IMIA) has raised this importance, when IMIA's General Assembly adopted recommendations on health and medical education in 1999 [14] , and confirmed the rele vance for educating informatics students about HIS in its first revision in 2009 [15] . Furthermore, graduates of educational programs in medical informatics frequently work in the area of health information systems [16, 17, 18, 19, 20] .
Because of these reasons courses on health information systems and their management always played an important role in our universities' educational programs. As our graduates' work became more and more global, we decided in 2000 to establish an international course on this subject, at first under the umbrella of IΦE, the International Partnership for Health Informatics Education [21, 22] . Since its start in 2001, this course is focussing on the strategic information management of health information systems as well as on HIS architectures [23, 24] . For this course a textbook was written [25] and recently revised [26] . Since 2005 our course has been called Frank -van Swieten Lectures on Strategic Information Management of Health Information Systems, or, briefly, Frank -van Swieten Lectures.
After having organized and taught the Frank -van Swieten Lectures during 16 years, we decided to review, summarize, and communicate our activities. Our objectives, which lead to this manuscript, are to report and share our knowledge (O1) about the Frank -van Swieten Lectures (section 2.1 -2.4) and (O2) about our students' feedback on this course (section 2.5). We will then (O3) summarize our lessons learned (section 3.1) and (O4) make recommendations for such international courses on HIS (section 3.2).
The Frank -van Swieten Lectures

Objectives, Content, Structure, and Characteristics
Objectives
The lecture in general aims to give students the competence to answer the following questions ( [26] , p. 2):
• Why is systematic information processing in healthcare institutions important?
• What are appropriate models for health information systems?
• How do health information systems look like and what architectures are appropriate?
• How can we assess the quality of health information systems?
• How can we strategically manage health information systems?
Content
The course content, based on the book presented in ( [26] ), is organized into the following topics, each forming one book chapter:
1. Introduction 2. Health Institution and Information Processing: Significance of information processing in hospitals, progress in information and communication technology, importance of systematic information management.
Information System Basics:
Data, information and knowledge, information systems and their components, information management.
Health Information Systems:
Hospital information systems, transinstitutional HIS, electronic health records, and challenges for HIS.
Modeling Health Information Systems:
On models and metamodels, a metamodel for modeling health information systems: 3LGM 2 , on reference models, a reference model for the domain layer of hospital information systems.
Architectures of Hospital Information
Systems: Domain layer -data to be processed and hospital functions, logical tool layer -application components and their integration, physical tool layer -data-processing systems and their integration. 
Final Remarks
Structure
The course is yearly organized in three blocks (▶ Figure 1 ):
• Block 1: The contents of the book are taught separately by the teachers of the respective programs at the participating universities -either in Dutch or in German. Students are then introduced to their exercises. They are assigned to groups, each group looking at a given clinical/hospital area (e. g. cardiology, ophthalmology, emergency unit, patient administration). The choice of the areas is coordinated between all participating universities, so that international student groups covering the same clinical area can be formed.
• Block 2: Students start to work on their exercises. These exercises comprise the analysis and assessment of a part of their local hospital information system during short internships. Details of the exercises are presented further down. This block includes local site visits for each group in the respective clinical areas of the local medical centers, and a presentation of the overall architectures and infrastructures of the hospital information system.
• Block 3: Students and teachers meet for
approximately three days at one of the participating universities, the so-called Joint Three Days of the Frank -van Swieten Lectures. There, they get additional lectures on hospital information systems, and they get an introduction to the local hospital information systems and their strategic information management of all participating sites. Students jointly finalize the international part of their exercises by comparing their respective results of Block 2 with matching groups at the other universities, and prepare their joint international presentations. Finally, each international student group jointly presents the results of their exercises.
Within the exercises, the students have to fulfil the following tasks:
• Describe the current state of the sub-information system in one typical area of your local medical center! Which enterprise functions are important? Which (computer-based and non-computerbased) application components are used? Which physical data processing systems are used?
• Develop a model of the information subsystem of the respective area and use the three-layer graph-based metamodel 3LGM as metamodel ( [26] , section 5.3, [27, 28, 29] ). Describe one typical process in detail, using activity-diagrams and-use-case-diagrams of the Unified Modelling Language (UML) as modelling techniques.
• Assess the quality of information processing and the quality of the architecture and infrastructure of the area's information subsystem ( [26] , section 8).
What are strengths and weaknesses? What are opportunities and threats? Analyse two of the main problems in detail and discuss possible solutions.
• Describe the differences in the sub-information system (with focus on architectures, infrastructures and processes) between the different medical centers.
The structure of the lecture remained mostly unchanged during the 16 years. There were minor adaptations, though, based on the lessons learned and the student evaluation, including a more detailed guideline for the students on how to structure both the oral and the written presentations.
Characteristics
This course is, to our knowledge, unique. There are eight characteristics being essential for the Frank -van Swieten Lectures: c 1 Universities from different countries perform jointly a master/bachelor course. c 2 The collaboration is multilateral and open for new partners.
Figure 1
Organization of the Frank -van Swieten Lectures. Please note that not all universities participated in all 16 years (for details, see ▶ Table 1 ). 
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The participating students come (with some variations over the last 16 years, for details see ▶ In this position he implemented a transformation of the Austrian health service and of medical education. Van Swieten played a pivotal role in the implementation of health reforms throughout the entire Habsburg Monarchy. He advocated more governmental involvement in health matters. The main sanitation reform, which had been put forward by van Swieten and was issued by Maria Theresa in 1770, reorganized administrative health structures in the entire monarchy. It comprised three parts: 1 st the structure and function of the sanitary network and administration, 2 nd the structure and the duties of medical practitioners, and 3 rd the prevention of epidemics. Due to his organizational work van Swieten can be characterized as a medical manager -long before this term was coined. His son Gottfried van Swieten (1733-1803) had his own career in government service and is remembered as a friend and creditor of Wolfgang Amadé Mozart (1756-1791). Police, a comprehensive treatise on all aspects of hygiene and public health. Frank stressed the importance of keeping accurate statistical records for hospitals. His system of record compilation was used by obstetrician Ignaz Philipp Semmelweis (1818-1865) when in 1848 this one demonstrated the correlation between puerperal sepsis and unsanitary obstetrical practices.
Analysed Sub-information Systems
Each year, the exercises within the Frankvan Swieten Lectures focussed on pre-defined sub-information systems. These subinformation systems were selected based on the availability of sufficient support in the respective departments, but also trying to have comparable sub-information systems in the participating universities, to allow forming of international student groups. ▶ Table 2 shows the analysed subinformation system in the last 16 years.
Student's Feedback
To evaluate the Frank -van Swieten Lectures we conducted during its Joint Three Days a systematic evaluation with a structured questionnaire based on closed questions. The survey instrument was developed by the teachers of the Frank -van Swieten Lectures in 2001 and was used since then. As the instrument was not designed as psychometric questionnaire, no formal validation was conducted. Data analysis comprised the descriptive results for each question. The evaluation took place from 2001 until 2016, except 2003, 2013 and 2014. A total of 553 students participated over the years in the Frank -van Swieten Lectures and 452 students returned the questionnaire. The questionnaire has a rating scale of one to five with the following meaning: (1) totally disagree, (2) partly disagree, (3) agree/disagree, (4) partly agree, (5) totally agree. We combined the results (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) in a weighted average, taking into account the different number of students that participated each year.
Part A of the questionnaire was concerned with students opinions with regard to the overall structure, organization, content and outcome of the international course. The students indicted that they were sufficiently informed about the structure (M = 3.80) and organization (M = 3.62). The students felt that they were sufficiently prepared by the initial lectures offered at their home university for the exercises and the international part of the course (M = 3,83).
Part B of the questionnaire was concerned with the personal assessment of the international course with respect to study effort of the international course, the beneficial effect of the international course. The students indicated that they found the exercises interesting and useful (M = 3,93), the students learned from the joint HIS lectures (M = 3,85), and benefited from exchanging ideas with students from other nationalities and the international discussions and presentations (M = 4,18 and M = 4,00 respectively). Students stated that they made use of their time in the joint discussion groups to learn from each other and enjoyed the exchange of ideas on hospital information systems with other international students (M = 3,76 and M = 4,21 respectively). The students indicated that they learned about other hospital information systems besides their own hospitals and had a better insight into healthcare systems (M = 4,00 and M = 3,97 respectively). Students indicated also that they improved their presentation skills and that they benefited with regard to professional knowledge and skills (M = 3,84 and M = 4.08 respectively). Finally the students enjoyed getting to know students from other nationalities (M = 4,49). Part C of the questionnaire was concerned with the overall assessment of the international course. Students indicated that they benefited from the international course and would recommend other students to participate (M = 4,37 and M = 4,27 respectively). ▶ Table 3 shows details of this overall evaluation.
We also asked each student the questions (1) "What did you like best?", (2) "What did you like least? Changes next time?" and (3) "Most important thing learned?".
Here many responses of both (1) and (3) ity to meet and to collaborate with students from other countries and to communicate and to present in English. Also a better understanding of HIS architectures was often positively mentioned. Concerning (2) we received mainly comments on the intensive workload during the Joint Three Days and sometimes with respect to accommodation.
In the joint evaluations we could neither observe noticeable changes during the years nor in between the students of different universities. Although the questions of the joint evaluation were on the Frankvan Swieten Lectures as a whole, responses focussed to some extent on the Joint Three Days, as the evaluation took place there.
Lessons Learned and Recommendations
Lessons Learned
As our students' feedback was clearly positive (cf. chapter 2.4), we were encouraged to continue with the course for now 16 years. The mostly highlighted aspects were the exchange, the communication and the joint activities with students from other universities, even of different nations. This shows us the relevance of such an international teaching effort.
As teachers in the field of HIS we observe an ongoing importance of strategic information management for medical informatics students and graduates. The Joint Three Days of the Frank -van Swieten Lectures show us each year that there are significant differences in the information systems of the hospitals of the different sites. Most interestingly these differences were bigger in the past. We now have realised that the information architectures of the local hospital information systems started to converge. For example, in all hospitals, a communication server is used as a central component, and 'patient management system' , 'digital archiving system' and 'picture archiving and documentation system' are major hospital-wide application components. This used to be far more heterogeneous a decade ago. This shows the evolution of the field. In the next future more detailed implementation aspects and transinstitutional aspect may come into the focus of the analyses.
During all of the time when teaching the Frank -van Swieten Lectures we used 3LGM and UML for modelling hospital information systems. Since -to our knowledge -no better alternatives have shown up they proved its value and we will continue working with them.
During the course we continuously evaluated the students' feedback and our own experiences in order to regularly discuss potential improvements. Since it was always a challenge to identify similar clinical/hospital areas in the different participating medical centers we had the idea to analyse and compare enterprise functions of the hospitals instead. This, however, did not prove successful, as it was much more difficult or even impossible to identify one contact person per enterprise function. So we finally continued with the clinical/hospital areas.
Anyway, for participating in the Frankvan Swieten Lectures it is necessary to have good connections to a local teaching hospital where students are granted access to clinical departments and can interview hospital staff.
Very effective was the idea to integrate site visits into the Joint Three Days of the Frank -van Swieten Lectures. During the last years we have established that the hosting university offers our students visits to certain clinical/hospital areas, which are introduced by local staff.
Most interestingly, there is currently hardly any interaction among students from different universities outside the Joint Three Days. Although a collaboration platform had been offered over many years, the students did not use it. However, especially for a course with participants from different universities an e-learning platform like Moodle or Ilias could provide joint teaching materials, video-recorded lectures, a discussion forum for the student groups, knowledge tests and evaluation forms. This could strengthen the students' perception of the Frank -van Swieten Lectures as an international course beyond the three joint days.
The Joint Three Days are most helpful for the international exchange and are often filled with an intensive program. The time schedule is very tight and could easily be extended to four of five days to intensify the exchange and experiences. Nevertheless, we assume that this would exceed the reasonable effort given the universities' processes.
Recommendations
According to our experiences over the last 16 years we provide the following recommendations for establishing joint international courses, independent of a particular subject:
• Starting point should be a consensus about teaching material, which is ideally published with easy access for all participants, e. g. published as text book or provided by an e-learning course.
• The contents of this teaching material should be taught at each participating university before a joint meeting takes place (in our case the Joint Three Days).
• At the beginning of the joint meeting an initial lecture is helpful to start communication with a joint terminology.
• Offer team building activities at the first evening with mixed groups, so that students from different universities start to interact on a relaxed basis.
• It is crucial to identify similar areas for analyses at each of the participating hospitals and to have good contacts to people working there to organize the field work. If possible each group of students should have a counterpart from another university with the same scope in order to improve comparability and to stimulate discussions.
• During the field work close mentoring by an experienced teacher should be provided.
• Motivate students to use a collaboration platform and initiate students' interaction before the joint meeting.
• Establish a quality management of the lectures, e. g. by annual staff meetings to discuss experiences and limitation and to continuously improve the structure and processes of the international course.
• Make sure that the participation in the joint meeting is voluntary, but provide credit points for it.
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• Students in a master program might have more skills for systems analysis, for team work, and for English presentation than students in a bachelor program and might therefore have a greater benefit.
• An important prerequisite for international collaborations in teaching are national funds supporting academic teaching purposes. Every year, the participating groups are confronted with the problem of financing the students' trips to another city or country for the joint lectures. Unfortunately, from a German perspective we could not find appropriate dedicated funding programs for such recurring short-term excursions. E.g., the PROMOS funds, offered by the German Academic Exchange Service for German Students, are not available in certain universities, for study trips within Germany, and for foreign students studying at German universities.
Discussion
The recommendations made in section 3.2 actually intend to encourage readers to copy this program. Nevertheless we are aware of the fact that these recommendations are based on subjective experiences and by no means evidence based -although they are backed up by repeated and ongoing evaluations.
Of course, we are aware that having a partnership between three German, one Austrian and one Dutch University is not a very broad international collaboration. For students as well as teachers it would be even more exciting to have partners from countries with more different languages and cultural backgrounds. In this case the financial and organisation hurdles might turn out to become even bigger. So, in our opinion, a good compromise should be established.
The idea of supporting education, especially in biomedical and health informatics, by international collaboration is not unique. Also, the characteristics c 1 to c 8 , mentioned in section 2.1 may be found in other programs and courses as well as can be seen by the following examples:
• A lot of institutions perform international collaborations in biomedical and health informatics (c.f. c 1 ). In order to support knowledge transfer from US universities to Peru a bilateral (c 2 ) collaborative training program between the Universidad Peruana Cayetano Heredia and the University of Washington is working since 1999. Undergraduates are educated in Peru whereas key Peruvian faculty members undergo intensive trainings in the US [36] .
• c 6 , i.e. adding visits and systems analysis of real-life HIS to lectures on HIS, is used in other programs as well [37] .
• Training computer science students for careers in global software projects (c 7 ) dealing with different cultural backgrounds (c 8 ) is a mayor driver for a Swedish-US collaboration. Rose-Hulman Institute of Technology (US) and Uppsala University (Sweden) define joint software projects in a real world environment (c.f. c 6 ) and elected students (c 4 ) from US will come to Sweden to finalize the project with their Swedish fellow students [38] .
• Since financial issues are considerable barriers for physical exchange of students in an international setting (c 7 ) some educational collaboration projects use digital communication media for virtual collaboration as for example in a joint Swedish-US nursing education program [39] .
• Adopting the long tradition of so called master classes in the performing arts a particular master class in health informatics had been established [40] . This educational program was also addressing international collaboration (c 1 ) and physical gathering of students and lecturers at one site (c 7 ). But -as usual with such master classes -there is no preceding joint course (c 3 -c 6 ) and no practical part (c 6 ).
However, to our knowledge, the combination of the characteristics c 1 to c 8 , described in section 2.1, in one program, makes the Frank -van Swieten Lectures unique.
Although associated with considerable additional efforts, we can clearly recommend establishing such international courses on HIS, such as the Frank -van Swieten Lectures.
